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ABSTRACT
In the interstellar medium, the cosmic elemental carbon abundance includes the total
carbon in both gas and solid phases. The aim of the study was to trial a new method for
measuring the amount and distribution of aliphatic carbon within interstellar dust over
wide fields of view of our Galaxy. This method is based on measurement of the 3.4µm
absorption feature from aliphatic carbonaceous matter. This can readily be achieved
for single sources using IR spectrometers. However, making such measurements over
wide fields requires an imaging IR camera, equipped with narrow-band filters that are
able to sample the spectrum. While this cannot produce as good a determination of
the spectra, the technique can be applied to potentially tens to hundreds of sources
simultaneously, over the field of view of the camera. We examined this method for a
field in the centre of the Galaxy, and produced a map showing the variation of 3.4µm
optical depth across it.
Key words: Interstellar dust, carbonaceous dust, aliphatic carbon, carbon abun-
dance, carbon crisis
1 INTRODUCTION
The element carbon is key for probing the life cycle of the
gas in the interstellar medium (ISM), as its major compo-
nent, hydrogen is largely invisible, when in molecular form.
When a part of the gas phase, carbon can be observed using
high frequency radio telescopes, operating in the millimetre
and terahertz bands. However, there is a missing ingredient
in this case, carbon in the solid phase, locked in interstellar
dust. To be able to measure the distribution of carbon in
solid phase, a new observation method is required to map
the carbonaceous interstellar dust across the Galaxy, as is
laboratory research to quantify the amount of carbon incor-
porated in interstellar dust.
Carbon is the 4th most abundant element in the ISM.
It is chemically versatile to form molecules. Carbon is able
to bond through three different orbital hybridisations; sp3,
sp2 and sp and can form aliphatics (alkane, sp3), olefinics
(alkene, sp2), aromatics (sp2) and acetylenics (alkynes, sp).
Therefore, there is a wide diversity of carbon compounds
and rich carbon chemistry in the ISM.
? E-mail: burcu.gunay@ege.edu.tr (BG); mgb@arm.ac.uk (MGB)
There are prominent spectral features of carbonaceous
dust in spectra of the ISM in the infrared region. These ab-
sorption features are at 3.28µm, 3.4µm, 5.87µm, 6.2µm,
6.85µm and 7.25µm (Dartois et al. 2004). The 3.4µm ab-
sorption feature is of particular interest since it is more
prominent and prevalent towards background IR radiation
sources.
The 3.4µm absorption feature has been extensively ob-
served through several sightlines toward the Galactic Centre
(Soifer et al. 1676; Willner et al. 1979; Wickramasinghe &
Allen 1980; Butchart et al. 1986; McFadzean et al. 1989; Tie-
lens et al. 1996; Adamson et al. 1990; Sandford et al. 1991;
Pendleton et al. 1994; Chiar et al. 2000, 2002, 2013; Moul-
taka et al. 2004), Local ISM (Butchart et al. 1986; Adam-
son et al. 1990; Sandford et al. 1991; Pendleton et al. 1994;
Whittet et al. 1997), planetary nebula (Lequeux & Jour-
dain de Muizon 1990; Chiar et al. 1998) and the ISM of
other galaxies (Imanishi 2000; Mason et al. 2004; Dartois
et al. 2004; Geballe et al. 2009). The 3.4µm feature has
also been detected in the spectra of Solar System materials
such as meteorites (e.g. Ehrenfreund et al. 1991), Interplan-
etary Dust Particles (IDPs) (e.g. Matrajt et al. 2005) and
cometary grains (e.g. Mun˜oz Caro et al. 2008).
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The observed 3.4µm absorption is attributed to the
aliphatic C-H stretch in carbonaceous dust. Therefore, the
optical depth of the 3.4µm absorption feature is related to
the number of aliphatic carbon C-H bonds along the line
of sight. It is possible to estimate the column density (N ,
cm−2) of carbon locked up in aliphatic hydrocarbon mate-
rial of interstellar dust grains from quantitative analysis of
the 3.4µm interstellar absorption feature.
One can measure the optical depth (τ) of the 3.4µm
(2940 cm−1) absorption and determine the number of C-H
bonds needed to produce this absorption by using the labo-
ratory measurements of the integrated absorption coefficient
(A, cm molecule−1) and line width (∆ν¯, cm−1) (which, for
the low resolution spectra we use, becomes the filter band-
width).
N =
τ∆ν¯
A
(1)
This is the second of two papers concerning the mea-
surement of the aliphatic hydrocarbon component in inter-
stellar dust. The first paper (Gu¨nay et al. 2018, hereafter Pa-
per 1) undertook laboratory measurements in order to pro-
vide a revised value for the absorption coefficient of aliphatic
hydrocarbons. Interstellar dust analogues (ISDAs) were pro-
duced under simulated circumstellar/interstellar conditions
and providing that their spectra are consistent with the
interstellar spectra, they were used for the measurements.
We treat the aliphatic absorption as a single feature and
have determined the integrated absorption coefficient for
−CHx groups consisting of a mixture of aliphatic −CH2
and −CH3 groups. The resultant integrated absorption co-
efficients obtained by employing amorphous aliphatic hy-
drocarbon containing ISDAs were found to be less than half
those mesaured using small aliphatic hydrocarbon molecules
(Sandford et al. 1991; Dartois et al. 2007).
Using the absorption coefficient of 4.69 × 10−18 cm
group−1 and reappraising the spectroscopic observations of
Pendleton et al. (1994) for Galactic Centre source GCIRS
6E, we obtained an aliphatic carbon column density of
4.87×1018 cm−2, which is a factor of five higher than previ-
ously reported by Pendleton et al. (1994) for the same sight-
line. Similarly, employing τ3.4µm value of GCIRS 6E from
Chiar et al. (2002) (hereafter [C02]) we found the aliphatic
carbon column density of 5.86 × 1018 cm−2. We calculated
the aliphatic carbon abundances in ppm1 towards a range
of Galactic Centre sources (Table 3 in Paper 1) using τ3.4µm
values obtained from [C02]. Assuming AV∼30 mag (Becklin
et al. 1978), normalised aliphatic hydrocarbon abundances
(C/H) (ppm) were calculated based on gas-to-extinction ra-
tio N(H) = 2.04× 1021 cm−2 mag−1 (Zhu et al. 2017). The
minimum and maximum normalised aliphatic carbon abun-
dances were obtained as 55−135 ppm. The average value for
the Galactic Centre was found to be 93 ppm based on the
sources taken into account.
The ISM carbon abundance derived from Solar atmo-
sphere (Grevesse & Sauval 1998; Asplund et al. 2006, 2009),
and meteoritic/protosolar abundances (Lodders 2003) is up
to 270 ppm carbon. The ISM carbon abundance has been
studied by using B type stars and found to be 209± 15 ppm
1 ppm: parts per million
(Sofia & Meyer 2001; Przybilla et al. 2008). Sofia & Meyer
(2001) found the total ISM carbon abundance around 358±
82 ppm from the atmosphere of young F, G type stars.
Therefore the average value of 93 ppm aliphatic hydrocar-
bon corresponds to at least a quarter of the available car-
bon in the ISM (Sofia & Meyer 2001). This result indicates
that a significant part of the ISM carbon is incorporated in
aliphatic content of ISM dust.
On the other hand, there are discrepancies in the
aliphatic hydrocarbon abundances arising from τ3.4µm val-
ues reported in the literature. For example, [C02] reported
τ3.4µm = 0.147 towards GCIRS 7, which yields only 55 ppm
aliphatic hydrocarbon, where as Moultaka et al. (2004)
(hereafter [M04]) reported τ3.4µm = 0.41 towards GCIRS 7,
which yields 150 ppm aliphatic hydrocarbon. There are also
uncertainties in τ3.4µm values arising from analysis methods
of τ in the literature. [M04] highlighted that τ3.4µm val-
ues differ for each line of sight based on the continuum fit
applied. They reported that τ3.4µm = 0.49 towards GCIRS
16C (the maximum τ3.4µm reported in the literature), which
yields 179 ppm aliphatic hydrocarbon. They also obtained
the lower limit of τ3.4µm = 0.14 for the same line of sight
using a linear continuum, which yields only 51 ppm aliphatic
hydrocarbon. As a consequence, τ3.4µm values can depend
on the measurement and analysis method. To obtain relative
abundances of aliphatic hydrocarbon in ISM dust, we need
consistent τ3.4µm values obtained using the same methodol-
ogy through the all sources in the field of interest.
To map the aliphatic hydrocarbon abundances incor-
porated in ISM dust, we need to measure τ3.4µm for as
many sources as possible in a field of interest. The measure-
ment of the optical depth can readily be achieved for single
sources using IR spectrometers. However, making such mea-
surements over wide fields with many sources requires long
observing times.
Instead, spectrophotometry can be employed: an imag-
ing IR camera, equipped with narrow-band filters to sample
the spectrum. The photometric measurements obtained with
narrow-band filters then can be used to build low-resolution
spectra. Although this technique would not produce as good
a determination of the absorption feature as spectra for a
single source, it may be applied to potentially tens to hun-
dreds of sources simultaneously, over the field of view of
the camera. Therefore this technique enables us to measure
the optical depth of the 3.4µm absorption feature for large
fields with a low cost in observing time. Optical depth of
the 3.4µm absorption feature will be used to find the col-
umn density of the aliphatic carbon, by using the integrated
absorption coefficient obtained by laboratory measurements.
This paper is organised as follows. The observations are
described and the strategies are presented in Section 2. The
details of the data reduction and data analysis are sum-
marised in Section 3 and 4. Results are reported in Section
5. Discussion and conclusions are presented in Section 6.
c© 0000 RAS, MNRAS 000, 000–000
Mapping the aliphatic hydrocarbon content of ISD 3
Table 1. Galactic Coordinates of the centre of the observed field
and the field of view.
Target Galactic Center
Longitude (l) 359.945
Latitude (b) -00.045
FoV 163 arcsec
Jitter 9pt jitter
Pattern offsets of 20′′
Observing Date September 2015
2 OBSERVATIONS
Observations were carried out with the UIST2 instrument
on the 3.8 m United Kingdom Infrared Telescope (UKIRT).
We summarize the features of the observed field and the
observing log in Table 1.
Spectrophotometric measurements were obtained using
narrow-band filters3 to build low-resolution spectra of stars
towards the Galactic Centre. We aimed to determine how
well the optical depth of the 3.4µm absorption feature could
be measured by taking images using a suite of narrow-band
filters spread across the 3.4µm L−band: 3.05 ice MK, 3.29
PAH MK, 3.4 nbL, 3.5 mbL, 3.6 nbL′, 3.99 (cont). Their
50% cut-on and 50% cut-off wavelengths, bandwidths and
peak transmissions are presented in Table 2.
The observing strategy was to image the Galactic Cen-
tre with a 3×3 jitter pattern with a 20 arcsec grid. We ap-
plied 1 minute integration per jitter position. The pixel scale
was 0.12 arcsec.
We calculated the sensitivity thresholds for S/N = 5
using the UIST online calculator4 for 9 minutes of total in-
tegration time per filter (Table 2). We applied 2 s exposure
× 30 co-adds for the PAH MK, 3.4 nbL, 3.5mbL, 3.6 nbL′,
3.99 (cont) filters and 4 s exposure × 15 co-adds for the
Ice MK filter (a longer exposure time can be used for the
Ice MK due to the lower background compared to the other
filters). However, observations could only be carried out us-
ing 5 filters (no 3.99 µm data) due to inclement weather
conditions for the latter.
3 DATA REDUCTION
Data reduction was carried out using Starlink5 / ORAC-
DR6 Data Reduction pipeline software. A recipe was used
to observe and reduce the data for each filter. This recipe
takes an imaging observation comprising a series of jittered
object frames and a dark frame, and a predetermined flat-
frame, to make a calibrated, trimmed mosaic automatically.
This recipe performs bad-pixel masking, null debiassing,
dark subtraction, flat-field division, feature detection and
matching between object frames, and resampling. The recipe
makes the mosaic by applying offsets in intensity to give the
most consistent result amongst the overlapping regions. For
each cycle of jittered frames, the recipe creates a mosaic,
2 https://www.ukirt.hawaii.edu/instruments/uist/uist.html
3 http://www.ukirt.hawaii.edu/instruments/uist/imaging/filters.html
4 http://www.ukirt.hawaii.edu/cgi-bin/ITC/itc.pl
5 http://starlink.eao.hawaii.edu/starlink
6 http://www.starlink.ac.uk/docs/sun230.htx/sun230.html
Figure 1. Image of the target field containing the Galactic Centre
through the 3.4µm filter.
which is then added into a master mosaic to improve the
signal to noise. The final mosaic files were obtained by the
combination of 2 sets of frames imaged with 9 different jitter
positions. The mosaics were not trimmed to the dimensions
of a single frame, thus the noise is greater in the peripheral
areas which have received less total exposure time.
In order to correct the coordinate information on
the mosaics, astrometric corrections were applied by using
Karma7 packages (Kvis and Koords). Spitzer - GLIMPSE8
cutout images were used to obtain the coordinates of the
reference stars used for this purpose.
The resultant image of the Galactic Centre obtained
using the 3.4µm filter is presented in Figure 1.
4 DATA ANALYSIS
4.1 Photometric Measurements
Photometric measurements of the field stars were carried
out by using the Starlink / GAIA package9. We used opti-
mal photometry, which involves profile fitting of bright and
isolated stars (Naylor 1998). By examining different aper-
ture sizes, the brightness variations were investigated and
the best clipping radius was determined as 8.5 pixels (1.0
arcsec). This value is also consistent with the optimum aper-
ture size indicated in Naylor (1998), as it is around 1.2–1.5
times larger than the FWHM (∼ 5.5–6.5 pixels, 0.7–0.8 arc
sec) of the point spread function of the stars. We measured
brightnesses of 200 sources in the Galactic Centre.
The measured brightness in magnitudes, m, were then
7 http://www.atnf.csiro.au/computing/software/karma/
8 https://irsa.ipac.caltech.edu/data/SPITZER/GLIMPSE/overview.html
9 http://star-www.dur.ac.uk/ pdraper/gaia/gaia.html
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Table 2. Filter set used.
Filter
50% 50% FWHM Peak Integration Sensitivity
Cut-On Cut-Off (Bandwidth) Transmission Time Thresholds
(µm) (µm) (µm) (%) (s) (S/N = 5)
3.05 ice MK 2.970 3.125 0.155 74 15 × 4 s 13m.0
3.29 PAH MK 3.264 3.318 0.054 70 30 × 2 s 11m.9
3.4 nbL 3.379 3.451 0.072 85 30 × 2 s 12m.2
3.5 mbL 3.383 3.594 0.211 82 30 × 2 s 13m.3
3.6 nbL′ 3.560 3.625 0.065 73 30 × 2 s 12m.1
3.99 (cont) 3.964 4.016 0.052 80 30 × 2 s 11m.8
* 5σ sensitivity thresholds were determined using the exposure time calculator for 9 × 1 min integration time.
converted into fluxes (W cm−2 µm−1) for each narrow-band
filter using the equation below:
Φλ = 10
−0.4m × Cλ × 10−15 W cm−2µm−1 (2)
Cλ is a scaling factor for each narrow-band filter, ob-
tained by interpolating a linear fit through the zero point
calibration values for the L and L′ broad-band filters of
UKIRT (Cλ = 7.31 and 5.24 at 3.45µm and 3.8µm as tabu-
lated by the Spitzer Science Center magnitude–flux density
converter10). We used Cλ = 9.68, 8.20, 7.61, 7.01 and 6.42
at 3.05µm, 3.3µm, 3.4µm, 3.5µm and 3.6µm, respectively,
for the conversation of the photometric measurements into
the fluxes.
4.2 Calibrating the Narrow Band Filters
The measurement of fluxes through the narrow band filters
provides low resolution spectra for every source in the field.
To calibrate the counts obtained in these spectra we first
need to determine the zero points for each of the filters.
This is the flux level associated with 1 count measured by
the instrument for each filter. We describe the technique
used below, including how we overcame the issue of lack of
calibrated standards, as measured through the narrow band
filter set.
In the Galactic Centre, there are several well-studied
bright L−band targets with the spectra available in the liter-
ature ([C02] and [M04]), e.g., GCIRS 1W, GCIRS 3, GCIRS
6E, GCIRS 7, GCIRS 9, GCIRS 13, GCIRS 16C, GCIRS
16NE, GCIRS 21, GCIRS 29. A group of these sources con-
taining the prominent 3.4µm aliphatic feature in their spec-
tra was employed to provide checks for the technique we
discuss below.
Analysis of the photometric reference data: We first
tried using well-calibrated sources with photometric data
within the Galactic Centre to determine the zero points. We
used 2MASS and Spitzer measurements of GCIRS 7 and
GCIRS 9 and applied a quadratic polynomial fit to the K -
L - M broad band filter fluxes. We derived the correspond-
ing fluxes for each of the narrow band filters and compared
with the digitised published spectra ([C02] and [M04]) in
Figure 2. When interpolation was applied it had the affect
of smoothing over the 3.4µm absorption feature, so mask-
ing the very feature we aimed to measure. Fluxes for the
reference stars have not been determined for the filter set
10 http://ssc.spitzer.caltech.edu/warmmission/propkit/pet/magtojy/
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Figure 2. The low resolution spectra obtained by the interpo-
lation of the photometric measurement with K - L - M filters
are shown as smooth lines and compared with the spectra mea-
sured by others. Upper panel (blue): digitised spectra of GCIRS 7
([C02]) plus photometric interpolation of GCIRS 7. Middle panel
(green): digitised spectra of GCIRS 7 ([M04]) plus photometric
interpolation of GCIRS 7. Bottom panel (red): digitised spectra
of GCIRS 9 ([M04]) plus photometric interpolation of GCIRS 9.
we used, only for the broad band filters. So, unless a source
in the field is known, a priori, not to have the aliphatic
feature present, it cannot be used to provide a reliable cali-
bration source when measuring the strength of this feature
in other sources in the field. A different calibration method
is required.
Analysis of the spectroscopic reference data: While we
could then take the measured optical depth of the aliphatic
feature for reference sources from the literature measure-
ments, and use this to apply a correction to the photomet-
ric fluxes in order to indirectly yield optical depths for other
sources in the field, instead, we chose another method based
on spectral measurements of bright 3.4µm aliphatic absorp-
tion sources in the Galactic Centre: GCIRS 1W, GCIRS
3, GCIRS 6E, GCIRS 7, GCIRS 9 and GCIRS 21 ([C02],
[M04]). Using their spectra, we estimated the fluxes through
each of the narrow band filters and so obtained 9 sets
of fluxes for the calibration: GCIRS1W-C02, GCIRS3-C02,
GCIRS6E-C02, GCIRS7-C02, GCIRS1W-M04, GCIRS3-
M04, GCIRS7-M04, GCIRS9-M04 and GCIRS21-M04 (note
that three sources were studied by both [C02] and [M04]).
We used these to provide zero points based on the number of
counts measured through the filters. The flux sets are listed
in Table 3, and corresponding zero point sets are given in
c© 0000 RAS, MNRAS 000, 000–000
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Table 4. The spectra of the reference sources from [C02] and
of the resultant low resolution spectra used for calibration
are shown in Figure 3.
While spectroscopic observations cannot provide accu-
rate absolute flux levels, the relative fluxes between the fil-
ters are reliable, as is needed when determining the 3.4µm
optical depth. The absolute flux levels obtained using this
method were in fact found to be 2 - 3 times higher than the
value when the direct photometric calibration of the broad
band fluxes was used (see Figure 2).
Analysis of the resultant optical thicknesses: We used
the resultant zero points (Table 4) to calibrate the spec-
trophotometric data to obtain low resolution spectra. For
each of these 9 calibration sets we then flux calibrated the
data for a group of test sources: GCIRS 1W, GCIRS 3,
GCIRS 7, GCIRS 9, GCIRS 13, GCIRS 16C, GCIRS 16NE,
GCIRS 21 and GCIRS 29. These stars were selected as they
all have optical depths reported in [M04], to compare our
own determinations of optical depth to. We preferred bright
stars (mL < 9
m) but avoided the stars in the most crowded
regions of the field.
Since I/I0 = exp(−τ) then the optical depth is given
by τ = −ln(I/I0), where I is the measured flux and I0 is
the interpolated flux. Thus the optical depths are calcu-
lated by using the fluxes measured by the 3.4µm filter and
the fluxes calculated by interpolating across the aliphatic
absorption feature from 3.3µm to 3.6µm to yield a linear
continuum. Figure 4 shows an example for calibrated spectra
by GCIRS7-C02 and the corresponding continuum. Figure
5 shows 3.4µm optical depth obtained from these spectra.
We note that there is also a small optical depth derived
at 3.5µm following the interpolation between 3.3µm and
3.6µm. However, it is much smaller than the optical depth
derived at 3.4µm, generally about one-third the value.
We list the resultant 3.4µm optical depth values in Ta-
ble 5, together with the values reported by [M04] from their
full-resolution spectra. While this method produces a sim-
plification of the spectra, it is clear that the low resolution
spectra still yield reasonable values for the optical depth.
The difference in optical depth derived between the low and
full-resolution spectra is less than the difference in optical
depths reported by [C02] and [M04] for GCIRS 7.
We list these differences in Table 6. We then se-
lected those which yielded the smallest average absolute
mean differences (|∆|) as the best calibration options. Thus
GCIRS1W-C02, GCIRS7-C02 and GCIRS7-M04 were cho-
sen to calibrate all spectrophotometric data of Galactic Cen-
tre (See Table 6).
Applying the calibration factors resulting from these
three sources, we then calibrated the data set gathered for
the Galactic Centre field. We determined the brightest 200
sources with fluxes of m3.6 < 10
m and then derived their
3.4µm optical depths.
We then checked for consistency in the derived opti-
cal depths among these three different calibration sources
to ensure the efficacy of this method. First, we found that
the values of the optical depths for the sources in the field
changed relatively little across the field. Using GCIRS1W-
C02, GCIRS7-C02 and GCIRS7-M04 as the calibration
sources, the mean τ3.4µm value was found as 0.207±0.063,
0.201±0.063 and 0.237±0.067, respectively. Given this con-
sistency, we then averaged the values from these three cali-
bration sources, and obtained an average optical depth of
τ3.4µm = 0.215±0.064 across the sources in the field of
Galactic Centre. Furthermore, depending on the choice of
the calibration source, the difference in the optical depth
derived for each source is also consistent. For instance, the
average τ3.4µm is 0.007±0.001 higher using GCIRS1W-C02
cf. GCIRS 7-C02, 0.036±0.014 higher using GCIRS7-M04 cf.
GCIRS7-C02, and 0.030±0.013 higher using GCIRS7-M04
cf. GCIRS1W-C02.
GCIRS 7 is the brightest source and it has higher reso-
lution (R=1200) in the spectrum provided by [C02]. Thus,
in order to calculate optical depths for each source, we chose
GCIRS7-C02 to calibrate the field.
5 RESULTS
We present the fluxes at 3.3µm, 3.4µm and 3.6µm for all
the sources measured in the field in Table 7, calculated using
GCIRS7-C02 as the calibration source, as described in the
previous section. In Table 8 we list the optical depth at 3.4
µm derived from the calibrated fluxes, together with the
celestial coordinates of the related sources. For comparison,
we also noted in the footnote of Table 7 and Table 8 the
corresponding IDs of the calibration sources and test group
of stars so that they can be identified.
Optical depths vary over a relatively small range across
the field, from 0.07 to 0.43, with a mean value of 0.20±0.06.
We next checked whether systematic biases may have af-
fected the determination of the 3.4 µm optical depth by
dividing the sources into four separate categories based on
their fluxes, and examining the resulting optical depths. The
mean optical depths and standard deviation in each of the
4 quartiles are shown in Table 9. The differences between
them are not significant within the errors.
We then consider the maps of optical depth for the 50
sources in each quartile range based on the flux at 3.6 µm
according to order of the sources in Table 7. These maps
are shown in Figure 6. They show optical depth values at
3.4 µm according to the celestial coordinates (J2000). The
colour bars and contours represent the optical depth levels.
Here the circles represent the stars with their size propor-
tional to their flux. While there is clearly some scatter in
the distribution as there are areas within the field with few
sources, the same pattern is apparent in each of the quartile
ranges. There is a gradient across the field from SE to NW.
This is independent of the brightness of individual sources,
and thus not likely to arise from the larger uncertainties in
optical depth derived from the weaker sources. The overall
pattern is similar between the four plots, and there does not
appear to be any significant variation between them asso-
ciated with the brightness of the sources. There is also no
significant difference between the clusters and the sources
elsewhere in the field of view. At a sensitivity level of ∼10−18
W cm−2 µm−1 at 3.6 µm (∼9.5 mag) we conclude that we
are able to reliably measure the optical depth using this
technique of imaging through narrow band filters.
We thus take all 200 sources and plot their optical depth
in Figure 7. The colours bar and contours show the optical
depth at 3.4 µm. On the left panel, the size of the circles is
proportional to the flux. On the right panel the size of the
circles is proportional to the 3.4 µm optical depth.
c© 0000 RAS, MNRAS 000, 000–000
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Table 3. The fluxes (W cm−2 µm−1) obtained based on the spectra of the reference sources from the literature.
Sources Flux Sets
Fluxes (× 10−17 W cm−2 µm−1)
3.05 Ice MK 3.29 PAH MK 3.4 nbL 3.5 mbL 3.6 nbL 3.99 (cont)
GCIRS 1W GCIRS1W-C02 3.15 4.28 4.06 4.67 5.43 6.21
GCIRS 3 GCIRS3-C02 4.16 5.23 4.79 5.89 7.44 8.01
[C02] GCIRS 6E GCIRS6E-C02 1.51 1.94 1.80 2.17 2.61 2.90
GCIRS 7 GCIRS7-C02 6.56 10.51 9.62 11.49 13.53 13.60
GCIRS 1W GCIRS1W-M04 8.18 8.81 8.03 8.74 8.95 8.65
GCIRS 3 GCIRS3-M04 7.01 7.91 7.09 8.30 8.69 8.18
GCIRS 7 GCIRS7-M04 25.14 25.14 19.79 21.77 23.13 18.77
[M04] GCIRS 9 GCIRS9-M04 1.82 2.17 2.00 2.16 2.21 1.80
GCIRS 21 GCIRS21-M04 3.95 3.92 3.37 3.63 3.55 2.28
Table 4. The zero points (W cm−2 µm−1) calculated by using the fluxes obtained based on the 9 reference spectra.
Sources Zero Point Sets
Zero Points (× 10−8 W cm−2 µm−1)
3.05 Ice MK 3.3 PAH MK 3.4 nbL 3.5 mbL 3.6 nbL
GCIRS 1W GCIRS1W-C02 1.05 5.28 2.30 0.74 2.44
GCIRS 3 GCIRS3-C02 2.65 9.03 3.46 1.10 3.53
[C02] GCIRS 6E GCIRS6E-C02 1.61 7.94 3.67 1.18 4.11
GCIRS 7 GCIRS7-C02 1.38 7.03 3.12 1.00 3.34
GCIRS 1W GCIRS1W-M04 2.74 10.86 4.56 1.38 4.02
GCIRS 3 GCIRS3-M04 4.46 13.65 5.12 1.55 4.13
[M04] GCIRS 7 GCIRS7-M04 5.27 16.82 6.43 1.90 5.71
GCIRS 9 GCIRS9-M04 3.27 12.54 5.30 1.58 4.62
GCIRS 21 GCIRS21-M04 4.17 12.42 4.52 1.31 3.48
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Figure 3. The spectra of the reference sources from [C02] and [M04] (blue lines). The corresponding fluxes for each filter at the related
wavelengths (red dots) were used to calculate zero points, and so build up to low resolution spectra (black dots).
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Table 5. The 3.4 µm optical depths for the test sources based on 9 different calibration sets. Results are compared with the reported
values in the literature in the bottom row.
Zero Point 3.4 µm Optical Depth (τ3.4µm)
Calibration Sets IRS 1W IRS 3 IRS 7 IRS 9 IRS 13 IRS 16C IRS 16NE IRS 21 IRS 29
GCIRS1W-C02 0.14 0.16 0.19 0.14 0.17 0.19 0.17 0.12 0.17
GCIRS3-C02 0.21 0.22 0.26 0.21 0.23 0.27 0.24 0.18 0.24
GCIRS6E-C02 0.13 0.16 0.17 0.13 0.16 0.17 0.15 0.11 0.16
GCIRS7-C02 0.13 0.16 0.18 0.13 0.16 0.18 0.16 0.12 0.17
GCIRS1W-M04 0.10 0.11 0.15 0.10 0.12 0.16 0.14 0.07 0.13
GCIRS3-M04 0.12 0.12 0.17 0.12 0.15 0.20 0.17 0.09 0.15
GCIRS7-M04 0.16 0.16 0.21 0.16 0.18 0.22 0.20 0.13 0.19
GCIRS9-M04 0.12 0.13 0.17 0.12 0.15 0.18 0.16 0.09 0.15
GCIRS21-M04 0.14 0.13 0.19 0.14 0.17 0.22 0.19 0.11 0.17
[M04] 0.16 0.20 0.20 0.16 0.16 0.14 0.14 0.15 0.27
Table 6. Difference between derived optical depths from their values reported in the literature and the average of the absolute mean
differences.
Zero Point Differences - ∆
Average |∆|
Calibration Sets IRS1W IRS3 IRS7 IRS9 IRS13 IRS16C IRS16NE IRS21 IRS29
GCIRS1W-C02 0.02 0.04 0.01 0.02 -0.01 -0.05 -0.03 0.03 0.10 0.03
GCIRS3-C02 -0.05 -0.02 -0.06 -0.05 -0.07 -0.13 -0.10 -0.03 0.03 0.06
GCIRS6E-C02 0.03 0.04 0.03 0.03 0.00 -0.03 -0.01 0.04 0.11 0.04
GCIRS7-C02 0.03 0.04 0.02 0.03 0.00 -0.04 -0.02 0.03 0.10 0.03
GCIRS1W-M04 0.06 0.09 0.05 0.06 0.04 -0.02 0.00 0.08 0.14 0.06
GCIRS3-M04 0.04 0.08 0.03 0.04 0.01 -0.06 -0.03 0.06 0.12 0.05
GCIRS7-M04 0.00 0.04 -0.01 0.00 -0.02 -0.08 -0.06 0.02 0.08 0.03
GCIRS9-M04 0.04 0.07 0.03 0.04 0.01 -0.04 -0.02 0.06 0.12 0.05
GCIRS21-M04 0.02 0.07 0.01 0.02 -0.01 -0.08 -0.05 0.04 0.10 0.04
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Figure 4. The calibrated fluxes were combined to obtain low-
resolution calibrated spectra of the test sources. The 3.4µm op-
tical depths were calculated by interpolating across the aliphatic
absorption feature from 3.3µm to 3.6µm to yield a linear contin-
uum. This figure shows spectra calibrated using the GCISR7-C02
flux set.
There could readily be local source-to-source variations
in optical depth, superimposed on a broader trend. How-
ever, on examination of Figure 7 (right panel), this does not
appear to be the case. The optical depth, in general, rises
from ∼0.1 to ∼0.4 moving SE to NW across the field at the
centre of the Galaxy, with little inter-source scatter.
We then calculated aliphatic hydrocarbon column den-
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Figure 5. The 3.4µm absorption feature optical depth derived
from the data shown in Figure 4.
sities based on the τ3.4µm values presented in Table 8
by applying Equation 1 and using the aliphatic hydro-
carbon absorption coefficient A = 4.7 × 10−18 cm group−1
and bandwidth of 62 cm−1 for the 3.4µm filter. Normalised
aliphatic hydrocarbon abundances (C/H) (ppm) were cal-
culated based on gas-to-extinction ratio N(H) = 2.04 ×
1021 cm−2 mag−1 (Zhu et al. 2017), by assuming AV∼30
mag.
The column density of aliphatic hydrocarbon rises from
∼8.9 × 1017 cm−2 to ∼5.7 × 1018 cm−2 for τ3.4µm ranging
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Figure 6. Optical depth maps in four quartiles, each containing 50 sources whose fluxes are selected from the highest to the lowest. The
first group contains the brightest sources (Flux - 1) presented in the upper left panel and the last group contains the faintest sources
(Flux - 4) presented in the lower right panel. Colour bars and contours indicate the optical depth levels. The location of the sources are
shown by black dots whose sizes are proportional to their flux values.
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Figure 7. Map of the optical depth from 3.4µm absorption feature for the Galactic Centre in celestial coordinates. Colour bars and
contours indicate the optical depth levels. On the left panel location of the sources are shown by black dots whose sizes are proportional
to the flux values. On the right panel instead, the sizes are proportional to the 3.4 µm optical depth.
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Table 7. The calibrated fluxes (× 10−18 W cm−2 µm−1) of the Galactic Centre sources used for optical depth calculations.
Source Fluxes Source Fluxes Source Fluxes Source Fluxes
No 3.3µm 3.4µm 3.6µm No 3.3µm 3.4µm 3.6µm No 3.3µm 3.4µm 3.6µm No 3.3µm 3.4µm 3.6µm
1 105.3 96.3 135.5 51 6.9 6.0 8.1 101 5.3 4.5 4.9 151 2.7 2.6 2.9
2 57.1 55.2 74.6 52 8.5 6.1 8.0 102 4.0 3.7 4.8 152 2.5 2.1 2.9
3 40.8 43.3 70.5 53 7.7 5.7 7.9 103 4.0 3.2 4.7 153 2.3 1.9 2.9
4 29.7 28.3 40.2 54 5.3 5.1 7.9 104 3.8 3.3 4.6 154 1.9 1.7 2.8
5 28.4 25.4 34.9 55 8.3 6.4 7.8 105 3.2 3.1 4.5 155 2.5 2.1 2.8
6 22.2 23.3 34.1 56 5.2 5.0 7.8 106 4.0 3.3 4.5 156 2.5 2.0 2.8
7 23.4 22.8 33.3 57 6.2 5.9 7.8 107 3.0 2.7 4.5 157 2.2 1.9 2.8
8 20.4 19.0 32.3 58 5.6 5.6 7.6 108 3.1 2.9 4.4 158 2.2 1.9 2.8
9 20.9 20.2 28.1 59 5.9 5.2 7.5 109 3.9 3.1 4.4 159 2.3 2.1 2.8
10 19.5 18.2 25.8 60 5.3 4.9 7.5 110 3.9 3.7 4.4 160 2.4 2.0 2.7
11 22.6 21.4 24.1 61 7.3 5.5 7.4 111 4.4 3.5 4.4 161 2.2 1.9 2.7
12 15.3 15.1 24.1 62 8.3 6.3 7.3 112 2.3 2.4 4.3 162 2.4 2.0 2.7
13 17.5 16.4 23.1 63 5.3 5.4 7.2 113 3.1 3.0 4.3 163 2.3 1.8 2.7
14 17.2 15.3 21.2 64 6.1 4.8 7.2 114 4.1 3.4 4.2 164 2.9 2.4 2.6
15 12.7 13.7 21.0 65 5.5 5.4 7.1 115 3.9 3.2 4.2 165 2.1 1.8 2.6
16 17.7 14.8 19.8 66 5.2 4.6 7.1 116 3.3 2.8 4.2 166 2.8 2.1 2.6
17 17.8 15.1 18.5 67 7.2 5.6 7.1 117 3.6 3.0 4.0 167 2.5 2.3 2.6
18 12.5 11.3 16.4 68 6.0 5.0 7.0 118 3.9 2.7 3.9 168 1.6 1.6 2.6
19 12.2 11.9 16.2 69 5.4 4.8 6.7 119 4.0 3.4 3.9 169 2.4 1.9 2.5
20 10.9 11.1 16.0 70 6.4 5.4 6.6 120 3.3 2.8 3.9 170 2.9 2.3 2.5
21 12.2 11.8 16.0 71 5.9 5.0 6.5 121 3.4 3.0 3.8 171 1.8 1.5 2.4
22 10.5 10.5 15.4 72 4.6 4.2 6.5 122 4.4 2.9 3.8 172 2.7 2.1 2.4
23 13.1 11.7 15.2 73 6.4 5.3 6.5 123 3.0 3.0 3.8 173 2.5 1.8 2.3
24 6.8 7.8 14.9 74 5.4 4.6 6.4 124 3.7 3.1 3.7 174 2.2 1.8 2.3
25 13.9 11.7 14.6 75 6.8 6.2 6.3 125 2.6 2.1 3.7 175 1.9 1.7 2.3
26 12.1 10.1 13.7 76 5.7 4.8 6.3 126 3.1 2.5 3.7 176 1.8 1.5 2.3
27 10.9 9.4 13.5 77 6.3 5.4 6.2 127 2.3 2.1 3.7 177 1.7 1.5 2.3
28 8.3 8.1 12.6 78 5.2 4.7 6.2 128 3.0 2.9 3.6 178 2.5 2.2 2.3
29 11.6 10.1 11.8 79 5.9 4.8 6.2 129 3.3 2.7 3.6 179 1.4 1.5 2.2
30 6.0 6.8 11.2 80 4.9 4.3 6.2 130 3.0 2.6 3.5 180 2.0 1.8 2.2
31 10.3 9.0 11.1 81 6.8 5.8 6.0 131 3.5 2.9 3.5 181 2.3 1.7 2.2
32 9.1 7.4 10.8 82 5.3 4.5 6.0 132 3.5 2.5 3.5 182 1.7 1.6 2.1
33 7.8 6.6 10.1 83 5.9 4.7 6.0 133 2.5 2.2 3.4 183 1.5 1.3 2.0
34 8.6 8.0 9.9 84 4.5 4.2 5.9 134 3.2 2.7 3.4 184 1.2 1.3 2.0
35 7.2 6.7 9.8 85 5.1 4.3 5.9 135 3.1 2.5 3.4 185 1.7 1.4 1.9
36 9.8 8.3 9.8 86 6.3 4.4 5.9 136 2.7 2.4 3.4 186 1.6 1.4 1.9
37 8.5 7.4 9.8 87 3.1 3.5 5.8 137 3.3 2.6 3.4 187 1.9 1.6 1.9
38 6.0 5.7 9.7 88 4.1 3.9 5.6 138 1.7 1.8 3.3 188 2.3 1.7 1.8
39 6.0 5.7 9.7 89 4.2 3.6 5.6 139 2.1 2.1 3.3 189 1.7 1.3 1.8
40 6.0 5.6 9.4 90 5.0 4.9 5.6 140 3.6 3.2 3.2 190 1.3 1.1 1.8
41 6.3 6.4 9.3 91 3.8 3.6 5.6 141 2.6 2.4 3.2 191 1.6 1.4 1.7
42 9.4 6.1 9.2 92 5.2 4.1 5.5 142 2.9 2.1 3.1 192 1.6 1.3 1.7
43 4.3 4.9 9.0 93 4.1 3.8 5.5 143 2.5 2.1 3.1 193 1.5 1.3 1.7
44 5.2 5.3 8.8 94 3.9 3.6 5.3 144 2.6 2.2 3.0 194 2.2 1.4 1.7
45 8.5 7.1 8.7 95 6.0 3.9 5.3 145 2.1 2.1 3.0 195 1.5 1.3 1.6
46 4.8 5.2 8.6 96 5.3 4.4 5.2 146 2.5 2.2 3.0 196 1.4 1.2 1.6
47 7.5 6.7 8.6 97 4.5 4.1 5.2 147 2.2 1.9 3.0 197 1.1 1.2 1.6
48 7.7 6.6 8.3 98 4.1 3.4 5.1 148 2.2 2.0 3.0 198 1.2 1.1 1.4
49 7.0 6.4 8.3 99 3.4 3.1 5.0 149 2.4 2.2 3.0 199 1.0 0.9 1.2
50 7.3 6.6 8.2 100 4.6 3.9 4.9 150 1.5 1.7 3.0 200 1.1 1.0 1.1
The source numbers of the calibration sources and the test group stars: 1: GCIRS 7, 2: GCIRS 1W, 3: GCIRS 3, 4: GCIRS 13, 6:
GCIRS 21, 13: GCIRS 29, 14: GCIRS 6E, 21: GCIRS 9, 31: GCIRS 16 NE and 96: GCIRS 16C.
from 0.07 to 0.43, with a corresponding abundance with re-
spect to H of ∼15 ppm to ∼93 ppm in the data set. A mean
value of τ3.4µm ∼ 0.2 corresponds to a typical column den-
sity of aliphatic hydrocarbon of 2.6×1018 cm−2 and 43 ppm
aliphatic hydrocarbon abundance. Comparing this to the
ISM total carbon abundance of 358 ppm (Sofia & Meyer
2001), there is approximately 12% of carbon in aliphatic
form.
Finally, to show the column density and abundance gra-
dient in the galactic plane we converted the celestial coor-
dinates presented in Table 8 into galactic coordinates. The
resultant aliphatic hydrocarbon column densities and abun-
dances are shown in Figure 8. In the maps, column densities
and normalised abundances (which are calculated based on
invariant AV ) appear to increase toward b=0, the centre of
the Galactic plane.
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Table 8. Celestial coordinates and the optical depths from the 3.4µm absorption feature along the line of sight of the Galactic Centre
sources.
No l b τ3.4 No l b τ3.4 No l b τ3.4 No l b τ3.4
1 266.4168 -29.0062 0.18 51 266.3996 -29.0143 0.20 101 266.4115 -29.0034 0.13 151 266.4169 -29.0198 0.07
2 266.4185 -29.0075 0.13 52 266.4106 -28.9859 0.30 102 266.4149 -29.0135 0.14 152 266.3997 -29.0046 0.20
3 266.4161 -29.0066 0.16 53 266.3912 -28.9964 0.31 103 266.3971 -28.9939 0.29 153 266.4150 -28.9963 0.24
4 266.4158 -29.0081 0.16 54 266.4124 -29.0020 0.19 104 266.4000 -29.0030 0.20 154 266.3902 -29.0027 0.25
5 266.4280 -28.9992 0.18 55 266.4227 -28.9904 0.25 105 266.4064 -29.0113 0.17 155 266.4343 -29.0006 0.21
6 266.4175 -29.0084 0.12 56 266.4041 -29.0158 0.19 106 266.4165 -28.9975 0.22 156 266.3954 -28.9907 0.28
7 266.4196 -29.0050 0.16 57 266.4171 -29.0099 0.12 107 266.3913 -29.0003 0.26 157 266.4269 -28.9939 0.26
8 266.4346 -28.9871 0.25 58 266.4173 -29.0152 0.12 108 266.4017 -29.0113 0.18 158 266.3940 -29.0010 0.24
9 266.4299 -29.0035 0.14 59 266.4022 -29.0236 0.22 109 266.4055 -28.9970 0.27 159 266.4304 -29.0121 0.16
10 266.4189 -29.0062 0.17 60 266.4171 -28.9944 0.21 110 266.4202 -29.0073 0.11 160 266.4122 -29.0056 0.22
11 266.4160 -29.0148 0.08 61 266.4227 -28.9897 0.28 111 266.3973 -29.0285 0.21 161 266.3976 -29.0152 0.23
12 266.4173 -28.9996 0.19 62 266.3993 -29.0012 0.23 112 266.3978 -29.0020 0.21 162 266.4045 -29.0085 0.24
13 266.4163 -29.0073 0.17 63 266.4198 -29.0127 0.11 113 266.4079 -29.0125 0.16 163 266.4012 -28.9897 0.30
14 266.4152 -29.0074 0.19 64 266.3901 -28.9996 0.30 114 266.3968 -29.0134 0.18 164 266.4052 -29.0044 0.16
15 266.4215 -29.0128 0.12 65 266.4180 -29.0108 0.12 115 266.4021 -29.0068 0.23 165 266.4129 -28.9951 0.22
16 266.3914 -29.0165 0.22 66 266.4008 -29.0130 0.23 116 266.4056 -28.9896 0.25 166 266.3954 -29.0041 0.24
17 266.3997 -29.0096 0.17 67 266.4015 -29.0047 0.23 117 266.4209 -29.0012 0.20 167 266.4298 -29.0171 0.11
18 266.4221 -28.9938 0.20 68 266.3987 -28.9950 0.24 118 266.3983 -28.9879 0.35 168 266.3962 -28.9986 0.19
19 266.4158 -29.0096 0.13 69 266.3925 -29.0175 0.19 119 266.4312 -29.0056 0.16 169 266.4247 -28.9898 0.25
20 266.4144 -29.0155 0.13 70 266.4285 -28.9951 0.18 120 266.3993 -29.0066 0.21 170 266.3940 -28.9996 0.20
21 266.4186 -29.0094 0.13 71 266.3923 -29.0190 0.19 121 266.3988 -29.0227 0.17 171 266.4348 -28.9947 0.25
22 266.4297 -29.0138 0.14 72 266.4083 -29.0011 0.21 122 266.3922 -28.9859 0.39 172 266.3917 -28.9989 0.23
23 266.4210 -29.0062 0.17 73 266.4138 -29.0044 0.18 123 266.4243 -29.0127 0.10 173 266.4028 -28.9970 0.32
24 266.4040 -29.0269 0.20 74 266.3915 -29.0053 0.22 124 266.4132 -28.9934 0.18 174 266.4071 -28.9987 0.21
25 266.4142 -29.0039 0.19 75 266.4174 -29.0159 0.08 125 266.4027 -28.9861 0.34 175 266.3957 -29.0163 0.19
26 266.4096 -28.9949 0.23 76 266.4117 -29.0012 0.20 126 266.4087 -28.9960 0.27 176 266.4038 -28.9924 0.26
27 266.4361 -28.9996 0.23 77 266.3935 -29.0258 0.16 127 266.4191 -28.9911 0.25 177 266.3908 -29.0123 0.25
28 266.4084 -29.0172 0.19 78 266.4223 -29.0062 0.16 128 266.4336 -29.0253 0.10 178 266.4290 -29.0252 0.09
29 266.4292 -29.0032 0.14 79 266.4331 -28.9986 0.22 129 266.4113 -28.9985 0.21 179 266.3980 -29.0182 0.10
30 266.4194 -29.0153 0.12 80 266.4036 -29.0045 0.22 130 266.4087 -28.9872 0.22 180 266.4281 -29.0106 0.11
31 266.4177 -29.0074 0.16 81 266.4083 -29.0259 0.11 131 266.4300 -28.9948 0.19 181 266.3894 -28.9901 0.29
32 266.3927 -29.0024 0.26 82 266.4183 -28.9983 0.21 132 266.3933 -28.9913 0.34 182 266.4287 -29.0208 0.15
33 266.4349 -28.9849 0.25 83 266.4034 -29.0069 0.24 133 266.3914 -29.0207 0.24 183 266.4213 -28.9979 0.23
34 266.4281 -29.0235 0.12 84 266.4052 -29.0125 0.18 134 266.4163 -29.0029 0.20 184 266.4150 -29.0185 0.16
35 266.4276 -28.9982 0.19 85 266.4095 -29.0018 0.21 135 266.4246 -28.9954 0.27 185 266.4280 -29.0100 0.25
36 266.4150 -28.9930 0.17 86 266.4051 -28.9855 0.33 136 266.4140 -29.0012 0.21 186 266.4259 -29.0001 0.19
37 266.4172 -29.0046 0.19 87 266.4219 -29.0137 0.13 137 266.3889 -29.0212 0.22 187 266.4299 -29.0278 0.13
38 266.4174 -28.9965 0.24 88 266.4129 -29.0107 0.18 138 266.4082 -28.9907 0.24 188 266.3913 -28.9923 0.23
39 266.4174 -28.9965 0.24 89 266.4168 -28.9858 0.28 139 266.3993 -29.0272 0.19 189 266.4055 -29.0183 0.26
40 266.4109 -29.0149 0.23 90 266.4199 -29.0245 0.07 140 266.4063 -29.0262 0.09 190 266.3894 -29.0011 0.26
41 266.4201 -29.0093 0.14 91 266.4264 -28.9882 0.20 141 266.4080 -29.0158 0.18 191 266.3941 -29.0131 0.16
42 266.3907 -28.9865 0.43 92 266.4253 -28.9931 0.27 142 266.3992 -28.9940 0.31 192 266.4369 -29.0173 0.22
43 266.3942 -29.0258 0.18 93 266.4036 -29.0204 0.19 143 266.4073 -29.0024 0.23 193 266.4146 -28.9995 0.17
44 266.4144 -29.0073 0.19 94 266.4240 -29.0035 0.19 144 266.4356 -28.9908 0.25 194 266.3896 -28.9938 0.38
45 266.4267 -28.9974 0.19 95 266.3921 -28.9873 0.37 145 266.4102 -29.0262 0.15 195 266.3903 -29.0097 0.19
46 266.4123 -29.0274 0.15 96 266.4171 -29.0075 0.18 146 266.4232 -28.9971 0.20 196 266.4107 -29.0191 0.17
47 266.4312 -29.0014 0.16 97 266.4157 -29.0120 0.13 147 266.4298 -28.9910 0.28 197 266.4228 -29.0179 0.10
48 266.4027 -29.0041 0.18 98 266.3948 -29.0216 0.25 148 266.4252 -29.0054 0.19 198 266.4076 -29.0214 0.16
49 266.4033 -29.0247 0.15 99 266.4191 -28.9876 0.24 149 266.4121 -29.0136 0.15 199 266.3984 -29.0092 0.16
50 266.4216 -29.0107 0.15 100 266.3908 -29.0189 0.20 150 266.4351 -29.0155 0.17 200 266.4221 -29.0198 0.13
The source numbers of the calibration sources and the test group stars: 1: GCIRS 7, 2: GCIRS 1W, 3: GCIRS 3, 4: GCIRS 13, 6:
GCIRS 21, 13: GCIRS 29, 14: GCIRS 6E, 21: GCIRS 9, 31: GCIRS 16 NE and 96: GCIRS 16C.
Table 9. The mean fluxes (× 10−18 W cm−2 µm−1) and mean 3.4 µm optical depths in each of the 4 quartiles.
Flux Group 1 Flux Group 2 Flux Group 3 Flux Group 4
Flux 16.94 5.62 3.22 1.97
τ3.4µm 0.18±0.05 0.20 ±0.06 0.21 ±0.07 0.21±0.06
c© 0000 RAS, MNRAS 000, 000–000
Mapping the aliphatic hydrocarbon content of ISD 11
Galactic Centre Aliphatic Hydrocarbon Column Density
1
1.5
1.
5
1.
5
2
2
2
2
2
2.5
2.5
2.5
2.52.52
.5
2.5
2.5
2.5
2.5
2.5
2.5
3
3
3
3
3
3
3
3
3
3 3
3.5
3.5
3.5
3.5 4
4 4
4.5
359.910359.920359.930359.940359.950359.960359.970359.980
 l
-0.070
-0.060
-0.050
-0.040
-0.030
-0.020
 
b
0.0
1.5
3.0
4.5
6.0
Galactic Centre Aliphatic Hydrocarbon Abundance
2020
30
30
30
30
30
40
40
40
40
40
40
40
40
40
50
50
50
50
50
5050
60
60
60
70
359.910359.920359.930359.940359.950359.960359.970359.980
 l
-0.070
-0.060
-0.050
-0.040
-0.030
-0.020
 
b
0
25
50
75
100
Figure 8. Map of the aliphatic hydrocarbon column density is presented in the left panel for the Galactic Centre in galactic coordinates.
Colour bar and contours indicate the column density (×1018 cm−2) levels. Map of the aliphatic hydrocarbon abundance relative to H
abundance (AV ∼30 mag) is presented in the right panel for the Galactic Centre in galactic coordinates. Colour bar and contours indicate
the aliphatic hydrocarbon abundance levels (ppm).
6 DISCUSSION AND CONCLUSIONS
The principal result of this work is that the optical depth at
3.4µm can be reliably measured using flux measurements
through a series of narrow band filters placed across the
feature and the 3.4µm L-band, at least to the flux level of
the faintest sources measured in this field in the centre of the
Galaxy. This shows that large scale mapping of the aliphatic
carbon content can be undertaken by imaging through a
series of narrow band filters.
The absorption could occur locally around each source.
It could be dominated by absorption along the sight line, or
it could arise from a combination of both. If absorption was
determined principally by source characteristics it would be
expected to vary considerably from source to source. This
has not been observed, with the optical depth varying only
by a factor of 6 between the very smallest and the largest
of all the 200 sources measured. This suggests, therefore,
that the optical depth being measured is a general prop-
erty of the interstellar medium along the sight line to the
Galactic centre, rather than being associated with individ-
ual sources. The measurements, therefore, trace bulk prop-
erties of the interstellar clouds, in particular the amount of
aliphatic carbon they contain.
In the direction of the Galactic centre the optical depth
was found to be typically ∼ 0.2, corresponding to about
2.6 × 1018 cm−2 and 43 ppm aliphatic hydrocarbon abun-
dance, approximately one tenth of the total carbon. Scaling
errors arising from uncertainty in the total column (derived
from the value for the visual extinction) dominate the er-
ror in the the absolute level of the ppm derived. However
the errors in the optical depth at 3.4µm derived for each
source, based on the variation in the determinations made
using different calibration sets, is likely less than 0.06.
Across the field, aliphatic hydrocarbon column densities
are seen to be increasing toward the centre of the Galactic
plane. Aliphatic hydrocarbon abundances also appear to be
rising in the same direction. However we need to note that
abundances were calculated assuming AV is constant so that
the gas density is invariant across the field. Therefore fur-
ther investigations considering AV maps and changes in gas
density are required.
We have extended this study to two other fields, one
elsewhere in the Galactic centre where the 3.4µm absorption
has not previously been measured, the other towards a field
in the Galactic plane. We will report on these results in a
subsequent paper.
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